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3 MATERIALS AND METHODS 
 
3.1 Chapter Overview 
 
This chapter describes the research methodology adopted for this study. The 4 major 
sections in this chapter include the materials involved, experimental description, and 
analysis method for bio-lubricant. 
3.2 Materials 
 
The reactants, pelargonic acid synonym with nonanoic acid (96% purity) and 2-ethyl-1-
hexanol (99% purity) was procured from Sigma-Aldrich, Canada. The acidic 
heterogeneous catalyst, Amberlyst 36 ion exchange resin was purchased from Rohm and 
Haas, United States. Sodium hydroxide, pellets for analysis EMSURE®, was obtained 
from Sigma-Aldrich, Canada and was used as titrant for product analysis.  Potassium 
hydrogen phthalate (99.95% purity), for analysis, was procured from Merck KGaA, 
Germany, it was used to standardize the NaOH solution. Phenolphthalein used as pH 
indicator was purchased from Fisher Scientific UK Limited, United Kingdom. Ethanol 
absolute (99.8% purity) was obtained from VWR International GmbH, Darmstadt and it 
was used to dissolve the bio-lubricant produced. All the materials used in the present 
study are summarized in Table 3.1. 
 
Table 3.1: List of chemicals for bio-lubricant synthesis and analysis. 
 
NO CHEMICAL BRAND PURITY PURPOSE 
1 Nonanoic Acid Sigma Aldrich 96% Reactant(fatty acid) 
2 2-ethyl-1-hexanol Sigma Aldrich 99% Reactant(alcohol) 
3 Amberlyst 36 Rohm and 
Haas 
- Heterogeneous 
Acidic Catalyst 
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4 NaOH(Sodium 
Hydroxide) 
Sigma Aldrich pellets for 
analysis 
EMSURE® 
Titrant to test TAN 
(total acid number) 
5 KHP(Potassium 
hydrogen phatalate) 
Merck analysis 
EMSURE® 
Reag.Ph.Eur 
Standardize NaOH 
6 Phenolphthalein Fisher 
Scientific 
99.9% pH indicator 
7 Ethanol  VWR 
International 
GmbH 
99.8% Solvent for 
biolubricant 
  
3.3 Synthesis of 2-Ethylhexyl Pelargonate by Esterification of Pelargonic 
Acid with 2-Ethyl-1-Hexanol 
 
The synthesis of 2-ethylhexyl pelargonate was carried out in the experimental setup as 
shown in Figure 3.1 and 3.2. The apparatus used in the bio-lubricant synthesis includes, 
thermocouple controller, dean-stark receiver, magnetic stirrer bar and a rotamantle. 
Rotamantle is a heating mantle with magnetic stirring ability for three-necked flask which 
in this experiment is the batch reactor where both reactants were charged with 
heterogeneous catalyst. The temperature heated by the mantle was regulated by the 
thermocouple controller to ensure uniform heating. The dean-stark receiver was 
connected to the flask in order to remove the excess water which enhancing the 
conversion of bio-lubricant synthesis. All necks of the flask were wrapped with a layer of 
cotton wool together with aluminium foil to prevent heat lost to the surrounding. 
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Figure 3.1: Experimental setup for esterification reaction 
 
 
 
 
 
Figure 3.2: Experimental Setup: Thermocouple controller, rota-mantle, and 
reactants charged three necked flask. 
